This contribution covers three recent results on deep-inelastic scattering at HERA: (i) new measurements of the proton longitudinal structure function FL from H1 and ZEUS experiments, (ii) a dedicated NC cross section measurement from ZEUS in the region of high Bjorken x, and (iii) preliminary combination results of all HERA inclusive data published up to now by H1 and ZEUS, taking into account the experimental correlations between measurements.
Introduction
At the electron-proton (ep) collider HERA, the inclusive neutral current (NC) differential cross sections in Bjorken x, the virtuality Q 2 and inelasticity y are connected with three different structure functions F 2 , F L and xF 3 as:
where Y ± = 1 ± (1 − y) 2 and the fine structure constant α = α(Q 2 = 0). The reduced cross sectionσ differs from the full cross section by a kinematic factor. The F 2 , corresponding to photon exchange, dominates. At high y, the F L term, proportional to the absorption cross section for longitudinally polarized virtual photons by protons, is sizable. At Q 2 1000 GeV 2 , the xF 3 term, arising from Z exchange, is small. The similar relation also exists for the charged current (CC) process.
New F L measurements
Using data taken with a lepton beam energy of 27.6 GeV and two proton beam energies of E p = 460 and 575 GeV corresponding to centre-of-mass energies of 225 and 252 GeV, respectively, the inclusive NC cross sections have been measured by H1 [1] . The measurements cover the region of 6.5×10 −4 ≤ x ≤ 0.65 for 35 ≤ Q 2 ≤ 800 GeV 2 up to the highest accessible inelasticity y = 0.85. The measurements are used together with previously published H1 data at E p = 920 GeV and lower Q 2 data at E p = 460, 575 and 920 GeV to extract F L in the region 1.5 ≤ Q 2 ≤ 800 GeV 2 . The new measurement ( Fig. 1(left) Similar measurements have also been performed by ZEUS but in a different kinematic region 0.13 ≤ y ≤ 0.75 and 5 ≤ Q 2 ≤ 110 GeV 2 [4] . The new results supersede those in the previous publication [5] . The reduced cross sections were used together with those from the previous ZEUS data collected at √ s = 300 GeV to extract F L as well as F 2 for 27 values of x and Q 2 . Relative uncertainties for F L were in the range of 0.1 − 0.2. In addition, F L and the ratio, Fig. 1(right) . The F L measurements are lower than but compatible with those in the previous ZEUS and H1 publications and in reasonable agreement with the theoretical prediction.
High x measurement from ZEUS
Motivated by the large uncertainty of parton distribution functions (PDFs) at high x, NC e ± p cross sections have been measured up to values of x ≃ 1 in a dedicated ZEUS analysis using an integrated luminosity of 187 pb −1 of e − p and 142 pb −1 of e + p collisions at √ s = 318 GeV [6] . Differential cross sections in x and Q 2 are presented for Q 2 ≥ 725 GeV 2 (see Fig. 2 for the ratio of the e − p measurements over the SM expectations based on a variety of recent PDFs). An improved reconstruction method and greatly increased amount of data allow a finer binning in the high-x region of the NC cross section and lead to a measurement with much improved precision compared to a similar earlier analysis. The agreement between the measurement and the predictions is non-trivial as the latter are mostly modeled with a (1 − x) β parameterization. 
Preliminary combination results of full HERA data
A preliminary combination is performed of all inclusive deep-inelastic cross sections measured by the H1 and ZEUS collaborations in NC and CC e ± p scattering [7] . The data correspond to an integrated luminosity of about 1 fb −1 and span six orders of magnitude in both Q 2 and x. They include data taken at proton beam energies of 920, 820, 575 and 460 GeV. The combination method used takes the correlations of systematic uncertainties into account, resulting in much improved accuracy. This is illustrated in Fig. 3 showing part of the combined dataset. The combined data are the inputs for the forthcoming HERAPDF 2.0 and will also have an important impact on other global PDF sets.
Summary
Recent results on deep-inelastic scattering at HERA have been presented. The H1 and ZEUS experiments each have determined new measurements of the proton longitudinal structure func- tion F L , making use of the HERA data recorded at reduced centre-of-mass energies. The results are in agreement with each other and with predictions derived from QCD fits. The region of high x is explored in a dedicated measurement by the ZEUS collaboration. All HERA inclusive data published up to now by H1 and ZEUS are combined, taking into account the experimental correlations between measurements. The combined dataset includes measurements of neutral current and charged current cross sections recorded at different centre-of-mass energies, spanning up to six orders of magnitude both in momentum transfer Q 2 and in Bjorken x. The dataset is superior in precision compared to the previous HERA data combination which included a smaller fraction of the total integrated luminosity collected at HERA. Point-to-point uncorrelated uncertainties better than 1% are observed in certain kinematic regions.
